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(57) ABSTRACT 

The invention aims at obtaining an original illuminating 
apparatus and an image reader having the same With Which 
“the re?ection” phenomenon is reduced, and much quantity 
of light for illumination is obtained in an area to be read of 
an original to thereby be able to perform the reading 
operation at high speed. In order to attain the above object, 
an original illuminating apparatus for illuminating image 
information for use in an image reader for imaging the image 
information on a reading unit through a reading lens to read 
the image information in accordance With the line sequential 
method includes a plurality of tubular light sources arranged 
in column style and having the spectral characteristics of 
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ORIGINAL ILLUMINATING APPARATUS 
AND IMAGE READER HAVING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates in general to an original 

illuminating apparatus and an image reader having the same. 
In particular, the invention is suitable for an apparatus, for 
use in digital copying machines, image scanners, multifunc 
tion printers or the like, for illuminating e?iciently an 
original (image information) With high illuminance to read 
image information of the original at high speed. 

2. Related Background Art 
FIG. 5 is a schematic diagram shoWing the construction of 

a main portion of a conventional image reader. 
In FIG. 5, reference numeral 2 designates an original 

stage glass member on Which an original 1 is to be placed. 
Reference numeral 7 designates a carriage in Which an 
original illuminating apparatus 3 for illuminating the origi 
nal 1 Which Will be described later, re?ecting mirrors 4a to 
4e, an imaging lens 5 and a reading unit or reading means 
6 are integrally accommodated. Then, the carriage 7 is 
scanned in a sub-scanning direction in the ?gure With a 
sub-scanning mechanism 8 such as a motor to read succes 
sively image information of the original 1. 
The image information thus read is sent to a personal 

computer or the like as an external apparatus through an 

interface (not shoWn). 
The luminous ?ux Which has been obtained by re?ecting 

light from the original 1 by the re?ecting mirrors 4a to 4e is 
optically folded in the inside of the carriage 7. The imaging 
lens 5 is adapted to image the light from the original 1 on the 
reading unit (CCD) 6 Which Will be described later. The 
CCD (Charge Coupled Device) linear sensor 6 as the reading 
unit is constructed such that a plurality of light receiving 
elements are arranged in a main scanning direction as a 
direction perpendicular to the paper. 

Along With the promotion of high speed operation of 
personal computers in recent years, the image scanners 
Which can be operated at high speed have been greatly 
demanded from the market. In addition, in the digital 
copying machines as Well, the demand for the high speed 
machines has been increased. Thus, under the circum 
stances, the necessity for promoting the high speed opera 
tion of the image readers has been increased. 

In the above-mentioned construction, for the promotion of 
the high speed operation of the image readers, it is necessary 
to increase a quantity of light reaching the CCD 6. While in 
order to attain this, there is conceivable a method of improv 
ing re?ectivity of the mirrors 4a to 4e and brightness of the 
imaging lens 5, almost mirrors have already re?ectivity of 
about 95%, and hence a large improvement on the re?ec 
tivity is not expected. In addition, if brightness of the 
imaging lens 5 is doubled, then the lens structure becomes 
complicated, and the increase of about three or more times 
in cost is necessarily estimated. 

Then, the necessity of increasing a quantity of light for 
illumination by the improvement on the original illuminat 
ing apparatus 3 has been increased. The description Will 
hereinbeloW be given With respect to the details of the 
original illuminating apparatus 3 for use in the conventional 
image reader shoWn in FIG. 5. FIG. 6 is a schematic vieW 
shoWing the construction of an example of a main portion of 
the conventional original stage glass member 2 and original 
illuminating apparatus. 
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2 
A tubular light source 51 such as a cold cathode tube or 

an Xe gas tube illuminates an area 111 to be read of the 
original 1 placed on the original stage glass member 2 With 
assistance of a combination of re?ecting plates 52 and 53 
Which are arranged across an optical axis 50 of the imaging 
lens 5 from each other, i.e., Which are respectively arranged 
on the opposite side and rear face side of the tubular light 
source 51. 

A light shielding plate 54 is arranged betWeen the tubular 
light source 51 and the original stand glass member 2. 
Almost light Which is emitted toWards an area other than the 
area 111 to be read on the original 1 can be blocked off by the 
light shielding plate 54. Thus, the light shielding plate 54 is 
adapted to reduce a quantity of light, Which is directly 
incident on the CCD 6, or incident on the area 111 to be read 
after having been dilfusedly re?ected by the original stage 
glass member 2 and other members. 

Only one tubular light source 51 is provided in this prior 
art, and hence in order to enhance the illumination e?iciency, 
the positions and shapes of the re?ecting plates 52 and 53 are 
optimiZed. HoWever, as described above, the higher speed 
operation is required, and hence it is necessary to increase a 
quantity of light all the more. 

FIG. 7 is a schematic vieW shoWing the construction of a 
main portion of a second prior art of the original stage glass 
member 2 and the original illuminating apparatus. 

In the prior art shoWn in FIG. 7, tWo tubular light sources 
each shoWn in FIG. 6, i.e., tubular light sources 51A and 51B 
and rear side re?ecting plates 52 and 53 are arranged across 
or both sides of the reading optical axis 50 from each other 
so as to be symmetrical With respect to the reading optical 
axis 50. As a result, a quantity of light for illumination that 
is incident on the area 111 to be read of the original 1 is 
greatly increased, Which makes the high speed reading 
operation possible. 

In the original illuminating apparatus shoWn in FIG. 7, 
there occurs “the re?ection” phenomenon in Which as exem 
pli?ed With broken lines in the ?gure, the light Which has 
been emitted from the tubular light source 51A to be 
re?ected in the vicinity of the areas 111 to be read is re?ected 
by a surface 51Ba of the other tubular light source 51B to be 
incident on the areas 111 to be read again. “The re?ection” 
phenomenon in the original illuminating apparatus shoWn in 
FIG. 7 occurs due to the construction in Which the tubular 
light sources 51A and 51B are respectively arranged on the 
left and right sides so as to be symmetrical With respect to 
the reading optical axis 50. It is knoWn that if “the re?ection” 
phenomenon occurs, then the concentration of the read 
image becomes ununiform due to the concentration of the 
area other than the area 111 to be read so that the image 
quality is remarkably degraded. 

While for blocking-off of the above-mentioned “re?ec 
tion” phenomenon, the positions of the light shielding plates 
54A and 54B Which are respectively arranged above the 
tubular light sources 51A and 51B must be optimiZed, if the 
mounting accuracy and the like are taken into consideration, 
there is the possibility that even the necessary illuminating 
light is shielded olf. 

SUMMARY OF THE INVENTION 

In the light of the foregoing, the present invention has 
been made in order to solve the above-mentioned problems 
associated With the prior art, and it is therefore an object of 
the present invention to provide an original illuminating 
apparatus and an image reader having the same With Which 
“the re?ection” phenomenon is reduced, and a much quan 
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tity of light for illumination is obtained in an area to be read 
of an original to make the high speed reading operation 
possible. 

In order to attain the above-mentioned object, according 
to the present invention, there is provided an original illu 
minating apparatus for illuminating image information for 
use in an image reader for imaging the image information on 
image reading means through a reading optical system, the 
apparatus comprising: 

a plurality of tubular light sources extending in a main 
scanning direction, 

in Which the plurality of tubular light sources are arranged 
in a direction of a reading optical axis of the reading optical 
system such that parts of their tube diameters overlap one 
another in a sub-scanning direction. 

In the original illuminating apparatus, it is preferable that 
for the plurality of tubular light sources, arbitrary tWo or 
more light sources or all of the light sources are made to emit 

light simultaneously to illuminate the original. 
Alternatively, in the original illuminating apparatus, it is 

preferable that a light shielding plate is arranged so as to 
overlap a part of the tube diameter of at least one light source 
of the plurality of tubular light sources in the sub-scanning 
direction. 

Alternatively, in the original illuminating apparatus, it is 
preferable that a re?ecting plate for re?ecting the luminous 
?ux from the plurality of tubular light sources to the image 
information side is arranged across the reading optical axis 
from the plurality of tubular light sources. 

Alternatively, in the original illuminating apparatus, it is 
preferable that a re?ecting plate for re?ecting the luminous 
?ux from the plurality of tubular light sources to the image 
information side is arranged across the plurality of tubular 
light sources from the reading optical axis. 

Alternatively, in the original illuminating apparatus, it is 
preferable that When the tube diameter of the plurality of 
tubular light sources is D, and a quantity of overlapping 
betWeen the adjacent tWo tubular light sources in the sub 
scanning direction is N, the folloWing relationship: 

is satis?ed. 

Alternatively in the original illuminating apparatus, fur 
ther including an original stage on Which an original as the 
image information is to be placed, it is preferable that When 
of the plurality of tubular light sources, the tube diameter of 
the tubular light source closest to the original stage in the 
reading optical axis is D, and a quantity of overlapping 
betWeen the tubular light source concerned and the light 
shielding plate in the sub-scanning direction is L, the fol 
loWing relationship: 

is satis?ed. 

Alternatively, in the original illuminating apparatus, it is 
preferable that all of the plurality of tubular light sources is 
arranged on one side With respect to the reading optical axis. 

Further, it is preferable that an image reader includes: 
the original illuminating apparatus according to a ?rst 

aspect of the present invention; and 
a controller adapted to communicate With an external 

apparatus through an interface. 
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4 
BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects are effected by the invention 
as Will be apparent from the folloWing description and 
claims taken in connection With the accompanying draW 
ings, forming a part of this application, in Which: 

FIG. 1 is a schematic vieW, partly in block diagram, 
shoWing the construction of a main portion of an original 
reader according to a ?rst embodiment of the present inven 
tion; 

FIG. 2 is a schematic vieW shoWing the construction of a 
main portion of the original reader according to the ?rst 
embodiment of the present invention; 

FIG. 3 is a schematic vieW shoWing the construction of a 
main portion of an original reader according to a second 
embodiment of the present invention; 

FIG. 4 is a schematic vieW shoWing the construction of a 
main portion of an original reader according to a third 
embodiment of the present invention; 

FIG. 5 is a schematic vieW shoWing the construction of a 
main portion of an image reader employing a conventional 
original illuminating apparatus; 

FIG. 6 is a schematic vieW shoWing the construction of a 
main portion of a conventional original illuminating appa 
ratus; and 

FIG. 7 is a schematic vieW shoWing the construction of a 
main portion of another conventional original illuminating 
apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the present invention Will 
hereinafter be described in detail With reference to the 
accompanying draWings. 
First Embodiment 

FIG. 1 is a schematic vieW, partly in block diagram, 
shoWing the construction of a main portion of an image 
reader according to a ?rst embodiment of the present inven 
tion. 

In FIG. 1, reference numeral 2 designates an original 
stage glass member on Which an original 1 is to be placed. 
Reference numeral 7 designates a carriage in Which an 
original illuminating apparatus 3 for illuminating the origi 
nal 1, re?ecting mirrors 4a to 4e, an imaging lens 5 as a 
reading optical system, and a reading unit or reading means 
6 are integrally accommodated. Then, the carriage 7 is 
scanned in a sub-scanning direction (X direction) in the 
?gure With a sub-scanning mechanism 8 such as a motor to 
read successively image information of the original 1. 

While in the present embodiment, the imaging lens 5 is 
used as the reading optical system, alternatively, a diffrac 
tion optical element, a poWer re?ecting mirror or a free-form 
surface mirror (FO) may also be available therefor. 
The image information thus read is sent to a personal 

computer 10 or the like as an external apparatus through an 
interface 9. 
The luminous ?ux, Which has been obtained by re?ecting 

light from the original 1 With the re?ecting mirrors 4a to 4e, 
is optically folded. The imaging lens 5 is adapted to image 
the light from the original 1 on the reading unit (CCD) 6 
Which Will be described later. The CCD (Charge Coupled 
Device) linear sensor 6 as the reading unit is constructed 
such that a plurality of light receiving elements are arranged 
in a main scanning direction (Y direction) as a direction 
perpendicular to the draWing paper. Note that the direction 
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Which is perpendicular to the X-axis and Which extends in 
the upper direction of the paper is assigned to the Z-axis. 

FIG. 2 is a schematic vieW of a main portion showing the 
positional relationship betWeen the original illuminating 
apparatus 3 used in the image reader shoWn in FIG. 1 and the 
original stage glass member 2. 

In FIG. 2, reference numerals 21A, 21B and 21C respec 
tively designate tubular light sources Which extend in the 
main scanning direction (hereinafter referred to as “light 
sources”), and Which emit light having the spectral charac 
teristics of substantially the same color. 

In the ?rst embodiment, in such a manner, a plurality of 
light sources 21A to 21C are arranged on one side of the 
spaces Which are obtained by partitioning thereinto the 
Whole space lying beloW the original stage glass member 2 
With a plane (YZ-plane) including an optical axis 511 and 
parallel With the main scanning direction, and the XY-plane 
(the plane having the original stage glass member 2 placed 
thereon). 

That is, all of the light sources 21A to 21C are arranged 
on one side With respect to the reading optical axis 511 of the 
reading (imaging) lens 5 as the reading optical system. In 
addition, a re?ecting plate 22 is arranged across the optical 
axis 511 from the light sources 21A to 21C. Note that any 
number of light sources may be available as long as they are 
a plural. 

In FIG. 2, reference symbol N designates a quantity of 
overlapping betWeen the light sources 21A and 21B along 
the optical axis 5a, i,e., a quantity of overlapping therebe 
tWeen When vieWed from the direction of the optical axis 5a, 
reference symbol M designates a quantity of overlapping 
betWeen the light sources 21B and 21C along the optical axis 
5a, and reference symbol L designates a quantity of over 
lapping betWeen the light source 21C and the light shielding 
plate 23 along the optical axis 511. 
NoW, if for the light sources 21A to 21C, the light sources 

having the same tube diameter (diameter D) are employed, 
for suppression of “the re?ection” phenomenon and 
enhancement of the illumination e?iciency, L, M, N and D 
have to be set so as to meet the folloWing relationship: 

0.25<N/D§1.0 

0.25<M/D§1.0 

0.25<L/D§1.0 (Expression 1). 

Moreover, L, M, N and D have to be further preferably set 
so as to meet the folloWing relationships: 

0.5<L/D<0.8 (Expression 2). 

In the present invention, if the siZe of the original is taken 
into consideration, then the relationships of 1.8§D§12, 
0.4 EN; 12, 042M212, and 042L212 are preferable. 

In addition, if the siZe of the original is taken into 
consideration, then the length P of each of the tubular light 
sources extending in the main scanning direction preferably 
meets the relationship of 220§P§350. 
As described above, in the present embodiment, the light 

sources 21A to 21C are arranged in a column style substan 
tially along the reading optical axis 511 such that parts of the 
tube diameters of the light sources 21A to 21C overlap one 
another in a direction of the optical axis 511 as shoWn With 
the overlapping quantities L, M and N in the ?gure. Thus, 
the light Which has been emitted from the loWermost light 
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6 
source 21A toWards the area other than the illumination area 

111 is shaded by a part of the tubular light source 21B, the 
light emitted from the middle light source 21B is shaded by 
a part of the uppermost tubular light source 21C, and the 
light emitted from the uppermost light source 21C is shaded 
by the light shielding plate 23 Which is arranged above the 
uppermost light source 21C. In addition, since all of the light 
sources 21A to 21C are collectively arranged on one side 

With respect to the optical axis 5a, “the re?ection” phenom 
enon is also solved Which is caused When the light sources 
are respectively arranged on the both sides so as to be 
symmetrical With respect to the optical axis. 
Of a plurality of light sources, arbitrary tWo or more light 

sources or all of the light sources are made simultaneously 
to emit the light to illuminate the area 111 to be read of the 
original 1. 

In the ?rst embodiment, the light sources 21A to 21C are 
arranged in such a manner, thereby being able to illuminate 
the area 111 to be read of the original 1 With high illuminance 
to read the image information on the original 1 at high speed. 

The kind of the original reader is not intended to be 
limited to the construction shoWn in FIG. 1, and hence an 
arbitrary type may be available. For example, the original 
reader may also be of the type in Which the original stage 
glass member is movable. 

Second Embodiment 

FIG. 3 is a schematic vieW shoWing the construction of a 
main portion of an original illuminating apparatus according 
to a second embodiment of the present invention. 

Light sources 21A and 21B are arranged on one side of the 
spaces Which are obtained by partitioning thereinto the 
Whole space lying beloW the original stage glass member 2 
With the plane parallel With the main scanning direction 
(Y Z-plane) and including the optical axis 5a, and the XY 
plane. 

That is, all of the light sources 21A and 21B are arranged 
on one side of the reading optical axis 5a. A re?ecting plate 
22 is arranged across the optical axis 511 from the light 
sources 21A to 21C. A re?ecting plate 24 is arranged at the 
rear side of the light sources 21A and 21B. 

The light sources 21A and 21B are arranged in a column 
style substantially along the optical axis 511 such that parts of 
the tube diameters of the light sources 21A and 21B overlap 
each other in a direction of the optical axis 511 as shoWn With 
overlapping quantities L and M in the ?gure. It is preferable 
that the quantities M and L of overlapping at this time are set 
similarly to those of the ?rst embodiment. Thus, the light, 
Which has been emitted from the loWer light source 21A 
toWards the area other than the illumination area 1a, is 
shaded by the upper tubular light source 21B, and the light 
emitted from the upper light source 21B is shaded by the 
light blocking plate 23 that is arranged above the upper light 
source 21B. A re?ecting plate 24 Which is arranged on the 
rear side of the light sources 21A and 21B has the function 
of directing the light emitted toWards the opposite side of the 
original 1 to the area 111 to be read and thus is adapted to 
enhance the illumination e?iciency. 

Since in the second embodiment as Well, similarly to the 
?rst embodiment, all of the light sources are collectively 
arranged on one side With respect to the optical axis 5a, “the 
re?ection” phenomenon is also solved Which is caused When 
the light sources are respectively arranged on the both sides 
so as to be symmetrical With respect to the optical axis. 
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Third Embodiment 
FIG. 4 is a schematic vieW showing the construction of a 

main portion of an original illuminating apparatus according 
to a third embodiment of the present invention. 

Light sources 21A and 21B are arranged on one side of the 
spaces Which are obtained by partitioning thereinto the 
Whole space lying beloW the original stage glass member 2 
With the plane parallel With the main scanning direction 
(YZ-plane) and including the optical axis 5a, and the XY 
plane. 

That is, all of the light sources 21A and 21B are arranged 
on one side of the reading optical axis 5a. A re?ecting plate 
22 is arranged across the optical axis 511 from the light 
sources 21A to 21C. A re?ecting plate 25 is arranged beloW 
the light source 21A. 

The light sources 21A and 21B are arranged in a column 
style substantially along the optical axis 511 such that parts of 
the tube diameters of the light sources 21A and 21B overlap 
each other in a direction of the optical axis 511 as shoWn With 
overlapping quantities L and M in the ?gure. It is preferable 
that the quantities M and L of overlapping at this time are set 
similarly to those of the ?rst embodiment. Thus, the light 
that has been emitted from the loWer light source 21A 
toWards the area other than the illumination area 111 is 
shaded by the upper tubular light source 21B, and the light 
emitted from the upper light source 21B is shaded by the 
light shielding plate 23, Which is arranged above the upper 
light source 21B. A re?ecting plate 24 Which is arranged on 
the loWer side of the light source 21A has the function of 
directing the light emitted toWards the opposite side of the 
original 1 to the area 111 to be read and thus is adapted to 
enhance the illumination e?iciency. 

Since in the third embodiment as Well, similarly to the 
?rst embodiment, all of the light sources are collectively 
arranged on one side With respect to the optical axis 5a, “the 
re?ection” phenomenon is also solved Which is caused When 
the light sources are respectively arranged on the both sides 
so as to be symmetrical With respect to the optical axis. 
As set forth hereinabove, according to the present 

embodiment, it is possible to realiZe an original illuminating 
apparatus With Which “the re?ection” phenomenon is 
reduced, and much quantity of light for illumination is 
obtained on a face of an original. Also, this makes it possible 
to realiZe the high speed operation of an image reader. 
As many apparently Widely different embodiments of this 

invention may be made Without departing from the spirit and 
scope thereof, it is to be understood that the invention is not 
limited to the speci?c embodiments thereof except as 
de?ned in the appended claims. 
What is claimed is: 
1. An original illuminating apparatus for use in an image 

reading apparatus to illuminate image information on an 
original, Wherein the image information is imaged on read 
ing means through a reading optical system, and Wherein a 
sub-scanning direction in the image reading apparatus is a 
direction along Which the reading means moves relative to 
the original, and a main scanning direction is a direction 
perpendicular to the sub-scanning direction and to a reading 
optical axis of the reading optical system, the apparatus 
comprising: 

a plurality of tubular light sources extending in the main 
scanning direction, 

Wherein the plurality of tubular light sources are arranged 
in a direction of the reading optical axis such that, When 
vieWed from a direction parallel to the reading optical 
axis, tube diameters of said tubular light sources over 
lap one another in a sub-scanning direction, and 

Wherein When the tube diameter of the plurality of tubular 
light sources is D, and a quantity of overlapping 
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betWeen the adjacent tWo tubular light sources in the 
sub-scanning direction is N, the folloWing relationship: 

is satis?ed. 
2. An original illuminating apparatus according to claim 

1, Wherein for the plurality of tubular light sources, an 
arbitrary tWo or more light sources or all of the light sources 
are made to emit light simultaneously to illuminate the 
original, Which is placed on an original stage. 

3. An original illuminating apparatus according to claim 
1, Wherein a light shielding plate is arranged so as to overlap 
a part of the tube diameter of at least one light source of the 
plurality of tubular light sources in the sub-scanning direc 
tion. 

4. An original illuminating apparatus according to claim 
1, Wherein a re?ecting plate for re?ecting luminous ?ux 
from the plurality of tubular light sources to the image 
information side is arranged across the reading optical axis 
from the plurality of tubular light sources. 

5. An original illuminating apparatus according to claim 
1, Wherein a re?ecting plate for re?ecting luminous ?ux 
from the plurality of tubular light sources to the image 
information side is arranged across the plurality of tubular 
light sources from the reading optical axis. 

6. An original illuminating apparatus according to claim 
1, Wherein all of the plurality of tubular light sources are 
arranged on one side With respect to the reading optical axis. 

7. An original illuminating apparatus, for use in an image 
reading apparatus to illuminate image information on an 
original, Wherein the image information is imaged on read 
ing means through a reading optical system, and Wherein a 
sub-scanning direction in the image reading apparatus is a 
direction along Which the reading means moves relative to 
the original, and a main scanning direction is a direction 
perpendicular to the sub-scanning direction and to a reading 
optical axis of the reading optical system, the apparatus 
comprising: 

a plurality of tubular light sources extending in the main 
scanning direction, 

Wherein the plurality of tubular light sources are arranged 
in a direction of the reading optical axis such that, When 
vieWed from a direction parallel to the reading optical 
axis, tube diameters of said tubular light sources over 
lap one another in a sub-scanning direction, and 

Wherein a light shielding plate is arranged so as to overlap 
the tube diameter of at least one light source of the 
plurality of tubular light sources in the sub-scanning 
direction, 

further comprising an original stage on Which an original 
as the image information is to be placed, Wherein When 
of the plurality of tubular light sources, the tube diam 
eter of the tubular light source closest to the original 
stage in the reading optical axis is D, and a quantity of 
overlapping betWeen the tubular light source concerned 
and the light blocking plate in the sub-scanning direc 
tion is L, the folloWing relationship: 

is satis?ed. 
8. An image reader, comprising: 
the original illuminating apparatus according to either one 

of claim 1 or 7; and 
a controller adapted to communicate With an external 

apparatus through an interface. 

* * * * * 
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